


Effect of Super chilling and Freezing on shelf life and quality attributes of improved native chicken varieties and commercial broilers
Abstract

          The preservation of poultry meat through advanced storage techniques such as super-chilling and freezing is essential for maintaining quality and extending shelf life in modern retail systems. However, limited information is available on the effects of these preservation methods on the quality attributes of slow-growing chicken varieties compared with commercial broilers. The present investigation was undertaken to compare the meat quality characteristics of three chicken varieties, namely Vanaraja, Indbro, and commercial broilers, under different storage conditions, specifically super-chilling (0 to −2 °C) and freezing (−20 ± 1 °C). In recent years, several slow-growing broiler varieties have been developed and introduced to meet evolving consumer preferences for improved meat quality and flavour, and their contribution to the poultry market has been steadily increasing. The evaluation of meat quality under different preservation conditions is therefore essential for determining the suitability of these varieties for extended storage and commercial utilisation. A total of 180 birds were included in the study, comprising 60 birds each of Vanaraja (8 weeks of age), Indbro (7 weeks of age), and commercial broilers (38 days of age). Breast meat samples obtained from each group were stored under super-chilled conditions for 30 days and frozen conditions for 60 days, and were periodically analysed for various physicochemical, sensory, and microbiological quality parameters during the storage period. The results indicated that commercial broilers exhibited significantly (P < 0.05) higher pH and water-holding capacity (%) values compared with Vanaraja and Indbro birds. However, both pH and water-holding capacity showed a gradual decline in all groups with increasing storage duration. Sensory evaluation of cooked breast meat samples demonstrated that Vanaraja and Indbro varieties received higher scores for appearance, flavour, juiciness, texture, and overall acceptability compared with commercial broilers, indicating superior organoleptic quality in the slow-growing varieties. Lipid oxidation, as indicated by thiobarbituric acid reactive substances (TBARS) values, increased progressively during storage in all three groups, whereas shear force values (SFV) showed a decreasing trend, suggesting gradual tenderisation of the meat over time. Microbiological analysis revealed a consistent increase in microbial load with prolonged storage under both super-chilled and frozen conditions for all chicken varieties. Drip loss measurements in frozen meat samples did not differ significantly (P > 0.05) among the experimental groups. Overall, the findings suggest that slow-growing chicken varieties such as Vanaraja and Indbro possess superior sensory quality attributes and may serve as valuable alternatives to commercial broilers for the production of high-quality poultry meat. Furthermore, the results indicate that super-chilling represents an effective preservation method for maintaining the freshness and quality characteristics of chicken meat during storage.
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Introduction 
Meat is an excellent source of high-quality protein, supplying all essential amino acids along with important micronutrients in balanced proportions required for human nutrition. It continues to be economically significant, nutritionally valuable, and highly appreciated by consumers for its desirable sensory attributes. The poultry sector, particularly the broiler segment, has experienced sustained growth in recent decades, largely driven by increasing consumer preference for chicken meat, rising income levels, and changing dietary patterns favouring animal-based protein sources. 
Although the majority of poultry production is carried out under intensive commercial systems, approximately 40 per cent of the national poultry population is still maintained under backyard production systems. Indigenous or native chicken breeds such as Aseel, Kadaknath, Chittagong, and Busra constitute important components of these traditional production systems. There is considerable consumer demand for country chicken meat owing to its characteristic strong flavour, firm texture, and comparatively lower fat content, and it often commands nearly three times the market price of conventional broiler meat (Rajkumar et al., 2016; Zhao et al., 2007; Chen et al., 2008). However, the production cost of country chicken is relatively higher than that of commercial broilers because of their slower growth rate; typically, native chickens attain a body weight of only 0.5–0.75 kg at six weeks of age, whereas commercial broilers reach approximately 1.75–2.0 kg during the same period.
With increasing consumer awareness regarding food safety and hygienic meat handling, significant changes have occurred in poultry meat marketing systems. The gradual transition from traditional wet markets to professionally managed centralised processing units, together with the expansion of organised retail chains and e-commerce platforms, has led to a greater availability of poultry meat in chilled and frozen forms. While considerable research has been conducted on the effects of chilling, super-chilling, and freezing on the quality characteristics of commercial broiler meat, information regarding the influence of super-chilling and freezing on the quality attributes of slow-growing broiler varieties remains limited. In addition, the occurrence of bone darkening, a quality concern frequently observed in slow-growing broilers, requires systematic evaluation. Therefore, a comprehensive investigation is needed to assess the effects of preservation methods, particularly super-chilling and freezing, on the quality characteristics and shelf life of slow-growing broiler chickens.

MATERIALS AND METHODS:
A. PROCUREMENT AND SLAUGHTER, DRESSING OF BIRDS
		  Different varieties of chicken i.e., Vanaraja (8weeks old), Indbro (7weeks old) and Commercial broilers (38days old) were procured from Directorate of Poultry Research, Indbro Research and Breeding Farms Pvt Ltd., and local markets of Hyderabad, respectively. In total, 180 birds were utilized for the research work comprising 60 birds in each variety group. All the birds were transported from the procured places to ICAR- National Research Centre on Meat and the birds were slaughtered and dressed at the primary poultry processing plant of the meat, dressed carcasses were weighed. 
STORAGE OF MEAT SAMPLE 
		Meat samples (breasts and thighs) from individual bird were collected and packed in trays and sealed. The packed samples were preserved at different storage conditions viz., chilled (4±10C), super chilled (0 to -20C) and frozen (-200C) as shown in figure 1 and 2 for analysis of different parameters at regular intervals.  Analysis of super chilled samples was carried out on 6th, 12th, 18th, 24th and 30th day and frozen sample on 30th and 60th   day of storage.
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Fig .1 Super chilling (0 to -20C)	                    Fig .2. Freezing (-200C)
PHYSICO-CHEMICAL PARAMETERS 
pH
 PH for the meat sample estimated by following the method given by Trout et al. (1992). PH recorded by digital pH meter by immersing the glass electrode into the homogenate of sample. PH of the sample was measured with the pH meter, pH 4, 7 and 14 as per user manual instructions.
Thiobarbituric Acid Reactive Substances (TBARS)
[bookmark: _GoBack]Lipid oxidation in chicken meat samples was determined in terms of thiobarbituric acid reactive substances (TBARS) following the method described by Strange et al. (1977), with minor modifications. Approximately 4 g of finely minced meat sample was homogenised with 20 ml of 20% trichloroacetic acid (TCA) for 3 minutes using a laboratory blender to ensure thorough extraction of lipid oxidation products. The homogenate was subsequently centrifuged at 5000 rpm for 15 minutes to obtain a clear supernatant. The resulting supernatant was filtered through Whatman No. 1 filter paper (18.5 cm diameter), and the clear filtrate was collected. This filtrate, referred to as the TCA extract, was used for the determination of thiobarbituric acid (TBA) number. For the preparation of the test solution, 3 ml of TCA extract was mixed with 3 ml of 0.1% thiobarbituric acid reagent in clean test tubes and thoroughly mixed. The reaction mixtures were heated in a boiling water bath at 100°C for 30 minutes along with a reagent blank to allow colour development. The blank solution was prepared by mixing 5 ml of 20% trichloroacetic acid with an equal volume of 0.1% thiobarbituric acid reagent and was processed simultaneously to minimise experimental error. After heating, the tubes were allowed to cool to room temperature, and the optical density (OD) of the developed pink chromogen was measured at 532 nm using a UV–Visible spectrophotometer (Shimadzu UV-1700, Japan). The TBARS values were expressed as milligrams of malonaldehyde (MDA) per kilogram of sample, which served as an index of lipid oxidation in the chicken meat samples.
Water-Holding Capacity (WHC)
The water-holding capacity (WHC) of meat samples was determined following the method described by Barbut (2024), with slight modifications. Approximately 5 g of meat sample was finely minced and thoroughly homogenised with 8 ml of 0.6 M sodium chloride (NaCl) solution in a centrifuge tube. The tubes were maintained at a temperature of 2 ± 1 °C for 7.5 minutes to facilitate extraction, after which the contents were gently stirred and centrifuged at 5000 rpm for 25 minutes. Following centrifugation, the volume of the supernatant was carefully measured. The WHC was calculated from the difference between the initial volume of NaCl solution (8 ml) and the volume of supernatant recovered after centrifugation. The results were expressed as a percentage relative to the weight of the meat sample (5 g).
Shear Force Value (SFV)
The Warner–Bratzler shear force value (SFV) was determined to assess the tenderness of meat samples. Meat portions were packed in low-density polyethylene bags and securely sealed to prevent the ingress of water during cooking. The sealed samples were cooked in a water bath maintained at 80 °C for 10–20 minutes. After cooking, the samples were cooled and cylindrical cores were prepared from each sample. These cores were then positioned beneath the V-notched shear blade of a texture analyser and sheared perpendicular to the direction of muscle fibres to ensure uniform measurement. The peak shear force required to cut through each core was recorded in newtons (N), and the average value obtained from three cores per sample was used to represent the shear force value.
Microbial Analysis
The microbiological quality of the meat samples was assessed by determining the Total Plate Count (TPC), Psychrotrophic Bacterial Count (PBC), and Yeast and Mould Count (YMC) using the spread plate technique in accordance with the standard procedures described by ICMSF (1980). All microbiological analyses were carried out under aseptic conditions, and the results were expressed as logarithmic colony-forming units per gram (log CFU g⁻¹) of sample.
Preparation of Serial Dilutions: For microbiological analysis, 5 g of representative meat sample was aseptically weighed and homogenised with 45 ml of sterile 0.1% peptone water in a laboratory blender to obtain the initial (10⁻¹) dilution. Subsequently, tenfold serial dilutions were prepared using sterile 0.1% peptone water as the diluent. Appropriate dilutions were selected for enumeration of microbial populations.
Total Plate Count (TPC): Total viable bacterial counts were determined using plate count agar (PCA). Approximately 15–20 ml of sterilised plate count agar, tempered to 44–46 °C, was poured into sterile Petri plates and allowed to solidify under aseptic conditions. The plates were incubated in an inverted position at 37 °C for 24 hours to confirm sterility prior to use. After sterility verification, 0.1 ml aliquots from appropriate serial dilutions were aseptically spread in duplicate onto the surface of the prepared agar plates using a sterile L-shaped spreader. The inoculated plates were incubated in an inverted position at 37 °C for 24 hours. Plates containing 40–300 colonies were selected for enumeration, and the results were expressed as log CFU g⁻¹ of sample.
Yeast and Mould Count (YMC): Yeast and mould counts were determined by the spread plate method using potato dextrose agar (PDA). Sterile agar plates were inoculated with 0.1 ml aliquots from appropriate dilutions and evenly spread using a sterile L-shaped spreader. The inoculated plates were incubated at 23–25 °C for 5 days. After incubation, visible colonies were counted, and the results were expressed as log CFU g⁻¹ of sample.
Psychrotrophic Count: Psychrotrophic counts were obtained by incubating the plates through spread plate method using plate count agar. Plates inoculated with the diluted sample (0.1ml), using sterilized L spreader were incubated for 7-10 days at 7±1ºC. The colonies were counted and results were expressed as log units per gram of the sample.

Sensory Evaluation 
Sensory evaluation of the meat samples was carried out to assess attributes such as appearance, flavour, texture, juiciness, and overall acceptability using an 8-point descriptive scale as described by Keeton (1983). In this scale, a score of 8 represented the highest level of quality for a given attribute, while scores ranging from 5 to 8 were considered acceptable and those below 5 were regarded as unacceptable.

The sensory panel consisted of a minimum of six trained and experienced members from the institute who were well acquainted with the sensory characteristics of poultry meat. Prior to evaluation, the meat samples were cooked in a water bath at 80 °C for 20 minutes with the addition of common salt at 0.5% of the sample weight to enhance palatability and ensure uniform preparation. After cooking, the samples were cut into small, uniform square-shaped pieces and allowed to equilibrate to room temperature before evaluation.

The coded samples were served individually on clean plates in separate sensory evaluation booths to minimise bias and prevent interference among samples. Panel members evaluated each sample independently, and potable water was provided between successive samples to cleanse the palate and avoid carry-over of sensory impressions. The mean scores assigned by the panel members were used for statistical analysis.

Drip Loss
        Drip loss of meat samples were determined as per the AOAC (1995) method from the known weights of before thawing and after thawing and expressed as percentage.
 			         Initial weight of sample – final weight 
       % Drip loss = 	x 100
                                                    Initial weight 
STATISTICAL ANALYSIS
The data generated in the present study for carcass characteristics and various meat quality parameters were compiled and analysed using the SPSS statistical software package. The experimental data were subjected to analysis of variance (one-way ANOVA) to evaluate the effects of different chicken varieties and storage conditions on the measured parameters.

Post hoc comparisons of treatment means were performed using the least significant difference (LSD) test and Duncan’s multiple range test in order to identify significant differences among groups. Differences between means were considered statistically significant at the 5% probability level (P < 0.05). The results are presented as mean values with corresponding measures of variation where appropriate.
RESULTS AND DISCUSSION
pH
		There was no significant (P>0.05) difference in mean ± SE values for pH between meat of Vanaraja and Indbro birds on 6, and 18 days of super chilling and 30, and 60 days of freezing storage conditions. However, the pH values for meat of Vanaraja (5.84± 0.01) and Indbro (5.80± 0.01) birds differed significantly (P>0.05) on 12 days of super chilling. Further, the pH values of Commercial broilers meat were significantly (P<0.05) different from other groups during entire storage period. Irrespective of storage conditions, the pH values of meat of different group of birds decreased gradually with storage time. In the present study, the pH values decreased with the increased duration of frozen storage. This is in agreement with the findings of Leygonie et al. (2012), who reported that if the storage conditions were proper for freezing, the pH of broiler chicken breast meat decreased with increasing storage duration, which is attributable to the loss of water with its associated soluble substances, the progressing process of glycogenolysis, and the accumulation of acidic products. The results of present study are in line with the Khan et al. (2019); Xiong et al. (1993); Fernandez et al. (2002), who found significant differences in the ultimate pH among different genotypes of chicken. Similarly, Debut et al. (2003) reported that the rate of pH decline of slow growing chicken is faster than in fast growing chicken. 
*The meat samples (breast and thighs) of all the group of birds preserved under the super chilling condition spoiled on 24 days of storage.
Table 1. PH,TBARS, WHC & Shear force values of Vanaraja, Indbro, and Commercial broiler chicken preserved at super chilled, and frozen storage conditions (Mean ± SE).
	Parameter
	Storage conditions
	 Bird Variety

	
	
	Vanaraja
	Indbro
	Commercial Broilers

	PH
	Super chilling
	6
	5.93±0.02  aD
	5.93±0.03 aD
	6.05±0.02 bD

	
	
	12
	5.84±0.01bC
	5.80±0.00 aBC
	5.89±0.01 cC

	
	
	18
	5.82±0.00 aBC
	5.83±0.01 aC
	5.87±0.01 bBC

	
	Freezing
	30
	5.77±0.00 aAB
	5.76±0.01 aB
	5.83±0.00 bB

	
	
	60
	5.73±0.01aA
	5.71±0.00 aA
	5.78±0.01 bA

	TBARS
	Super chilling
	6
	0.07±0.002 bA
	0.06±0.001 aA
	0.06±0.001 aA

	
	
	12
	0.09±0.001 bB
	0.08±0.001 aB
	0.08±0.001 aB

	
	
	18
	0.12±0.005 bC
	0.10±0.004 aC
	0.09±0.001 aC

	
	Freezing
	30
	0.15±0.001 bD
	0.15±0.001 aD
	0.14±0.000 aD

	
	
	60
	0.18±0.001 bE
	0.17±0.001 abE
	0.17±0.001 aE

	WHC
	Super chilling
	6
	25.66±0.24 aE
	30.41±0.20 bE
	35.91±0.45 cE

	
	
	12
	23.41±0.20 aD
	26.91±0.27 bD
	32.91±0.30 cD

	
	
	18
	20.50±0.18 aC
	25.75±0.21 bC
	30.50±0.18 cC

	
	Freezing
	30
	19.00±0.28 aB
	24.66±0.24 bB
	27.83±0.24 cB

	
	
	60
	15.66±0.16 aA
	22.50±0.48 bA
	24.33±0.33 cA

	Shear force
	Super chilling
	6
	10.77±0.21 cD
	9.77±0.13 bCD
	6.58±0.06 aE

	
	
	12
	10.13±0.04 cC
	9.34±0.16 bC
	6.05±0.04 aD

	
	
	18
	9.90±0.040 cC
	8.87±0.11 bB
	5.78±0.07 aC

	
	Freezing
	30
	9.31±0.04 cB
	8.47±0.07 bAB
	5.28±0.07 aB

	
	
	60
	8.82±0.04 cA
	8.30±0.05 bA
	4.85±0.04 aA


*Means bearing different superscript within rows (lowercase alphabets - a, b, c) and within columns (Uppercase alphabets - A, B, C, D, E) are significantly (P≤0.05) different.
TBARS
There was a significant (P<0.05) increase in mean ± SE values of TBARS for meat of all group of birds with storage time, except for Vanaraja, Indbro on 6th day of super chilling did not differ significantly (P>0.05). This finding is correlated with results of Yang Lan et al. (2016) who reported that the TBARS values of rabbit hind legs steadily increased from 0.05 mg/kg (initial) to 0.6mg/kg, 1.037mg/kg, and 0.773mg/kg when stored at 40C and super chilled storage at -2.50C, -40C respectively over the entire storage period. Among the birds group, Vanaraja had significantly (P<0.05) higher TBARS values during entire storage period of super chilling, and freezing. Further, there was no significant (P>0.05) difference for values between Indbro and Commercial broiler on same days. In the current study, the TBARS values of meat of all the groups of birds increased significantly (P<0.05) during 30 and 60 days of frozen storage. This is in congruence with the studies of Leygonie et al. (2012a), who argued that frozen storage is not sufficient to prevent oxidation. Hansen et al. (2004) and Xia et al.  (2009) stated that freezing and thawing of muscle tissues accelerate lipid oxidation. Vieira et al. (2009) also found that the TBARS values of rustic crossbred beef increased from 30 days of frozen storage, and more pronounced from 90 days. Benjakul and Bauer (2001) reported that ice crystals injure cells and cause the subsequent release of pro-oxidants for lipid oxidation, particularly non-heme iron. Daming Ding et al. (2020) reported that substantial increase in TBARS values of pork stored under three different degrees of super chilling (-10C, -20C, -30C) which is similar with the current study.
WHC
A significant (P < 0.05) decline in the mean ± SE values of water-holding capacity (WHC) was observed in the meat of all experimental groups with increasing storage duration under both super-chilled and frozen conditions. Moreover, WHC values differed significantly (P < 0.05) among Vanaraja, Indbro, and commercial broiler meat throughout the entire storage period. Among the three groups, commercial broilers consistently exhibited significantly (P < 0.05) higher WHC values during both super-chilling and freezing storage conditions.
The present findings are consistent with the observations of Fanatico et al. (2007), who reported higher drip loss (indicating lower WHC) in slow-growing birds compared with fast-growing broilers. Similarly, the results of the current study demonstrated comparatively lower WHC values in Vanaraja and Indbro birds than in commercial broilers. The reduced WHC observed in slow-growing birds may be attributed to their relatively thinner and smaller fillet dimensions, which result in a greater surface area relative to muscle mass. This increased exposure to air may promote moisture loss and consequently reduce the water-holding capacity of the meat. Comparable findings were reported by Santos et al. (2005b), who observed lower WHC in the breast meat of slow-growing genotypes compared with fast-growing strains.
Castellini et al. (2002b) suggested that the relatively poor WHC in slow-growing birds may be associated with differences in muscle metabolism and structural characteristics at the time of slaughter, resulting in less tender tissue compared with fast-growing broilers. However, contrasting results were reported by Berri et al. (2005), who observed improved WHC in slow-growing birds when slaughter conditions were optimised to minimise pre-slaughter stress. In addition, Farouk et al. (2004) reported a gradual decline in WHC with prolonged storage, which was attributed to increased protein denaturation and a consequent reduction in the ability of muscle proteins to retain water. These findings are in agreement with the progressive reduction in WHC observed in the present study during the storage period.
Shear force Value 
The mean ± SE values of SFV for all group of birds decreased gradually with storage time. There was a significant (P<0.05) difference in mean ± SE values for shear force among Vanaraja, Indbro, and Commercial broilers meat during entire storage period. Among the birds group, Vanaraja had significantly (P<0.05) higher shear force values during entire storage period of super chilling and freezing. Daming Ding et al. (2020) studied the SFV of pork samples stored at different degrees of super chilling and observed that samples stored at -10C where no ice crystal formation showed higher SFV values when compared to those samples where there is a formation of ice crystals. The formation of ice crystals disrupts the physical structure of pork tissue, breaking myofibrils apart thereby resulting in tenderization (Vieira et al., 2009). The loss in membrane strength due to ice crystal formation reduces the force needed to shear the meat (Liu et al., 2010). Similar to present study, Rajkumar et al. (2016) observed higher SFV in larger Aseel followed by smaller Aseel than Commercial broilers. High SFV consistent with the high collagen content which, is associated with the age of birds.
Microbial Analysis
Total plate count (TPC)
The mean ± SE values of TPC for all group of birds increased gradually with respective storage condition. The values for Commercial broilers on 6, and 12 day of super chilling were significantly (p<0.05) lower when compared with other groups. Whereas meat of Vanaraja showed higher TPC values during entire storage period when compared with other groups. There was no significant (p<0.05) difference in values between Vanaraja and Indbro birds on day 30, and 60 days of freezing storage. In super chilled and frozen fillet, the growth of bacteria is prevented by reducing the availability of water by the ice crystals formation. However, the release of drip, which has provided excellent medium for microbial growth (Nirmal and Benjakul, 2010) might be the reason for increase in TPC counts in super chilled breast fillet. Increase in TPC counts with increased storage time might be due to the reactivation of microbial activity upon thawing along with cellular damage resulting from frozen storage (Farouk et al., 2004; Leygonie et al., 2012).

Table 2. Total Plate count (TPC), Psychrotropic counts, & Yeast & Mould counts (YMC) values of Vanaraja, Indbro, and Commercial broiler chicken preserved at super chilled and frozen storage conditions (Mean ± SE).
	Parameter
	Storage conditions
	 Bird Variety

	
	
	Vanaraja
	Indbro
	Commercial Broilers

	Microbial analysis
	TPC
	Super chilling
	6
	3.16±0.007 bA
	3.14±0.003 bA
	3.13±0.004 aA

	
	
	
	12
	3.18±0.005bB
	3.17±0.002 bB
	3.16±0.002 aB

	
	
	
	18
	3.22±0.005 bC
	3.21±0.004 aC
	3.20±0.005 aC

	
	
	Freezing
	30
	3.23±0.003 bC
	3.22±0.002 bC
	3.21±0.002 aC

	
	
	
	60
	3.26±0.001bD
	3.26±0.002 bD
	3.25±0.004 aD

	
	Psychrotropic counts
	Super chilling
	6
	2.92±0.012bA
	2.90±0.007 abA
	2.87±0.008 aA

	
	
	
	12
	2.95±0.015aB
	2.94±0.011 aB
	2.93±0.011aB

	
	
	
	18
	3.02±0.009 bC
	3.01±0.005 abC
	2.99±0.006 aC

	
	
	Freezing
	30
	3.02±0.004 cC
	3.01±0.003 bC
	2.99±0.002 aC

	
	
	
	60
	3.04±0.007 bC
	3.03±0.006 bD
	3.01±0.008 aC

	
	YMC
	Super chilling
	6
	2.88±0.010 bA
	2.87±0.006 bA
	2.84±0.006 aA

	
	
	
	12
	2.93±0.007bBC
	2.92±0.005 abB
	2.90±0.008 aA

	
	
	
	18
	2.95±0.013aCD
	2.95±0.008 aCD
	2.92±0.006 aB

	
	
	Freezing
	30
	2.95±0.007bCD
	2.93±0.006 bBC
	2.91±0.008 aB

	
	
	
	60
	2.97±0.015 aD
	2.96±0.009 aD
	2.95±0.007  aC


*Means bearing different superscript within rows (lowercase alphabets - a, b, c) and within columns (Uppercase alphabets - A, B, C, D, E) are significantly (P≤0.05) different.
Psychrotropic bacterial count (PBC)
               The mean ± SE values of PBC for all group of birds increased gradually with respective storage condition, this increase in counts might be due to increased enzymatic activity of psychrotrophs at low temperature (Kandeepan and Biswas, 2007). There was no significant (P<0.05) difference in mean ± SE values for PBC among the all groups of birds. The values for Vanaraja and Commercial broilers on 6, 18 days of super chilling were significantly (P<0.05) different. However, there was no significant (P>0.05) difference in mean PBC values on 12 days of super chilling among the 3 groups of birds. Further the mean PBC values on 30 days of freezing were significantly (P<0.05) different among the groups, whereas there was no significant (P>0.05) difference in mean PBC values between Indbro and Vanaraja birds on 60 days of freezing storage. Vieira et al. (2009) observed that the psychrotrophic bacterial counts were significantly (P<0.01) higher in rustic crossbred Beef samples which are aged for a longer period before freezing. They also noticed that the psychrotrophic counts increased gradually throughout the frozen storage period from an initial log10 value of approximately 1.7 in fresh meat (0 day) to 3.1 in meat stored under frozen conditions for 90 days
Yeast and mould count (YMC):
The mean YMC values for meat of Vanaraja and Commercial broilers on 12 days of super chilling, were significantly (P<0.05) different. The values for meat of Vanaraja and Indbro on 6 days of super chilling did not differ significantly (P>0.05), whereas YMC values for Commercial broilers were significantly (P<0.05) lower when compared with other 2 groups. There was no significant (P>0.05) difference in mean YMC values on 18 days of super chilling among the all groups of birds. The mean YMC values for meat of Vanaraja and Indbro on 30 days of freezing were significantly (P<0.05) different. However, there was no significant (P>0.05) differences among all groups of birds on 60 days of freezing storage. Patsias et al. (2008) reported that the Y & M counts increased from 2.9-3.0 to 6.3 log CFU/g in chilled air packed chicken fillets stored for 15 days.
Sensory Evaluation
Appearance
The mean appearance scores not differed significantly (P>0.05) among the birds group during entire storage period of super chilling, except the Commercial broilers showed lower scores for appearance on 6th day. The scores on 30 days of freezing did not differ significantly (P<0.05) among the groups. These findings are in agreement with Ullengala et al. (2020), who also observed no significant differences for appearance scores among Aseel crosses. Results also correlated with findings of Rajkumar et al. (2016), who observed no significant differences for appearance scores between Aseel and Broilers and also no significant differences observed between different weights groups. The scores for Vanaraja and Commercial broilers on 60 days of freezing differed significantly (P<0.05). 
*Comparatively Commercial broilers showed lower scores for all the sensory evaluation parameters during entire storage period.
Flavour: The mean flavour scores for meat of Vanaraja and Indbro not differed significantly (P<0.05) during entire storage period of super chilling, whereas Commercial broilers showed significantly (P<0.05) lower scores compared with other 2 groups. Flavour is a sensation of the mouth provoked by fats and other precursors such as sugars and amino acids in meat, which impacts upon consumer taste (Khan et al., 2015).The scores for meat on 30 and 60 days of freezing did not differ significantly (P>0.05) among the all the groups except the meat of Indbro showed significantly (P<0.05) lower scores on 60th day. 
Juiciness: The mean juiciness scores for meat of Vanaraja and Indbro on 12 and 18 days of super chilling not differed significantly (P>0.05), whereas Commercial broilers showed significantly(P<0.05) lower scores compared with other 2 groups. The scores for meat of Vanaraja and Commercial broilers on 6 days of super chilling differed significantly (P<0.05), whereas the Indbro showed no significant (P>0.05) difference with 2 groups. The mean juiciness scores for meat of Vanaraja and Indbro on 30, and 60 days of freezing did not differ significantly (P>0.05), whereas Commercial broilers showed significantly (P<0.05) lower scores when compared with other 2 groups. Bueno et al. 2013) reported that the process of frozen storage, alterations in water activity (aw) and consequent losses of furaneol due to freezing will potentially reduce the juiciness (Bueno et al., 2013).
Texture:  The mean texture scores on 6, and 12 days of super chilling not differed significantly (P>0.05) among the groups. The scores for meat of Indbro and Commercial broilers on 18 days of super chilling and 30 days of freezing not differed significantly (P>0.05), whereas Vanaraja showed significantly (P<0.05) higher scores when compared with other 2 groups. These results were in agreement with the studies of Rajkumar et al. (2016), who observed that Aseel meat showed significantly (P≤ 0.05) higher scores for texture compared to Commercial broilers. The palatability of the meat is associated to the texture and according to Baracho et al. (2006), the texture can be affected by ante mortem factors like species, genetic factors, age, nutritional status and stress. The scores on 60 days of freezing did not differ significantly (P>0.05) among the groups. 

Table 3. Sensory evaluation scores of Vanaraja, Indbro and Commercial broiler chicken preserved at super chilled, and frozen storage Conditions (Mean ± SE).
	Parameter
	Storage conditions
	 Bird Variety

	
	
	Vanaraja
	Indbro
	Commercial Broilers

	Sensory Evaluation
	Appearance
	Super chilling
	6
	6.72±0.00 bAB
	6.72±0.00bABC
	6.68±0.00aABC

	
	
	
	12
	6.60±0.02 aA
	6.60±0.02 aAB
	6.60±0.03aAB

	
	
	
	18
	6.56±0.02 aA
	6.55±0.02 aA
	6.48±0.03 aA

	
	
	Freezing
	30
	6.85±0.17 aBC
	6.85±0.17 aCD
	6.58±0.20aAB

	
	
	
	60
	6.81±0.02bBC
	6.80±0.02abCD
	6.53±0.02aBC

	
	Flavour
	Super chilling
	6
	6.89±0.02bCDE
	6.88±0.00 bC
	6.81±0.02 aBC

	
	
	
	12
	6.70±0.01 bB
	6.68±0.00 bB
	6.58±0.01 aB

	
	
	
	18
	6.51±0.03 bA
	6.49±0.02 bA
	6.29±0.04 aA

	
	
	Freezing
	30
	7.01±0.03 aE
	7.00±0.02 aD
	6.66±0.21 aBC

	
	
	
	60
	6.81±0.07bBCD
	6.80±0.06 bC
	6.56±0.06 aB

	
	Juiciness
	Super chilling
	6
	6.76±0.02 bB
	6.73±0.01abAB
	6.69±0.02aBCD

	
	
	
	12
	6.63±0.01 bAB
	6.63±0.01 bA
	6.54±0.04 aBC

	
	
	
	18
	6.54±0.02 bA
	6.54±0.01 bA
	6.06±0.08 aA

	
	
	Freezing
	30
	7.26±0.15 bD
	7.20±0.16 bD
	6.73±0.16 aCD

	
	
	
	60
	6.84±0.08 bBC
	6.84±0.08 bBC
	6.61±0.04 aBC

	
	Texture
	Super chilling
	6
	6.68±0.01 aC
	6.55±0.11 aB
	6.52±0.10 aB

	
	
	
	12
	6.53±0.02 aB
	6.54±0.01 aB
	6.54±0.01 aB

	
	
	
	18
	6.17±0.02 bA
	5.91±0.08 aA
	5.91±0.08 aA

	
	
	Freezing
	30
	6.91±0.03 bD
	6.81±0.01aC
	6.79±0.00 aC

	
	
	
	60
	6.69±0.04 aC
	6.68±0.01 aBC
	6.66±0.02 aBC

	
	Overall acceptibility
	Super chilling
	6
	6.83±0.04 bC
	6.79±0.02 abB
	6.71±0.01 aD

	
	
	
	12
	6.63±0.01 bB
	6.61±0.02 bA
	6.50±0.03 aC

	
	
	
	18
	6.08±0.08 bA
	6.00±0.02 abB
	5.90±0.03 aA

	
	
	Freezing
	30
	6.91±0.04 bC
	6.88±0.04 bC
	6.75±0.02 aD

	
	
	
	60
	6.64±0.03 bB
	6.60±0.03 bA
	6.33±0.10 aB


*Means bearing different superscript within rows (lowercase alphabets - a, b, c) and within columns (Uppercase alphabets - A, B, C, D, E) are significantly (P≤0.05) different.
Overall acceptability: The mean overall acceptability scores for meat of Vanaraja and Indbro on 12 days of super chilling, 30 and 60 days of freezing not differed significantly (P>0.05), but differed significantly (P<0.05) on 6 and 18 days of super chilling, whereas the Commercial broilers showed no significant (P>0.05) difference with 2 groups during 6 and 18 days of super chilling. Devatkal et al. (2019) reported that Indbro breast meat scores were higher when compared to Commercial broiler breast meat. Present results are in agreement with Rajkumar et al. (2016), who also observed lower overall acceptability scores in Commercial broilers meat than Aseel meat.
Drip Loss (frozen sample)         
The mean ± SE values of drip loss for meat of Vanaraja, Indbro, and Commercial broilers on 30 days of freezing was 3.40±0.01, 3.38±0.00 and 3.36±0.01 and on 60 days of freezing was 3.41±0.01, 3.39±0.02 and 3.38±0.00, respectively, and the values not differed significantly (p>0.05) among all the groups of birds. More drip loss in frozen sample could be due to the mechanical damage to cell membranes caused by destruction of muscular tissue due to freezing resulting in low WHC (Anese et al., 2012; Srinivasan et al., 1997). Vieira et al. (2009) observed slight increase in drip loss of rustic crossbred beef meat during frozen storage for 90 days (i.e., 3.45% during 30 days of storage, 3.47% during 75 days, and 3.73% during 90 days of frozen storage). Slight lower drip loss observed in present study. Augustynska et al. (2018) also observed increase in drip loss of frozen chicken breast meat with increased storage time.
Table 4. Drip loss of Vanaraja, Indbro, and Commercial broiler chicken at frozen storage conditions (Mean ± SE)
	Parameter
	Storage period
(days)
	Birds variety

	
	
	Vanaraja
(V)
	Indbro
(I)
	Commercial broilers (C.B)

	Drip loss
	30
	3.40±0.01 a
	3.38±0.00  a
	3.36±0.01 a

	
	60
	3.41±0.01 a
	3.39±0.02 a
	3.38±0.00 a



CONCLUSION:
Based on the results of present study, it was concluded that the super chilling could be a good alternative to preserve freshness of chicken meat with improvement in the quality characteristics, since the meat quality traits were better appreciated during super chilling compared to freezing storage. In terms of meat quality traits the present study concluded that some variation exists among different breeds of chickens. Commercial broiler meat was better than Vanaraja and Indbro in terms of water holding capacity. But the sensory evaluation studies revealed that meat from Vanaraja and Indbro was distinguishable from Commercial broilers for their unique flavour, juiciness texture, and overall acceptability. The slow growing chicken varieties have better meat quality attributes and have potential to form a significant source of chicken with better sensory attributes. 
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